) though the possibility of 1D(2 − , 3 2 ) has not been excluded. There may exist an unobserved meson DsJ (2850) ± corresponding to D
I. INTRODUCTION
The properties of 2S and 1D Qq mesons have been studied for a long time. However, no such higher excited Qq state has been established for lack of experimental data. In the past years, some higher excited charmed or charmed-strange states were reported though most of them have not yet been pinned down [2] . It will be useful to systemically study the possible 2S and 1D charmed and charmed-strange mesons in time.
The first possible charmed radial excitation, D * ′ (2640), was reported by DELPHI [3] . This state is difficult to be understood as a charmed radially excited state for the observed decaying channel D * + π + π − and decay width < 15 MeV [4] . Its existence has not yet been confirmed by other collaboration. D sJ (2632) + is another puzzling state firstly observed by SELEX [5] . It has not been observed by other collaboration either. D sJ (2632) + seems impossible a conventional cs meson for its narrow decay width and anomalous branching ratio Γ(D 0 K + )/Γ(D + s η) = 0.14 ± 0.06 [6] even if it does exist. In an early analysis of the spectrum within Regge trajectories phenomenology [7] , it is pointed out that D Obviously, these D and D s candidates have not yet been pinned down. In addition to some theoretical deviations from experiments, some theoretical predictions of their strong decays are different in different models. Systematical study of these possible 2S and 1D states in more models is required. In this paper, the method proposed by Eichten et al. [1] is employed to study the strong decay of the heavy-light mesons. We will label them with the notaion nL(J P , j q ) in most cases, where n is the radial quantum number, L is the orbital angular momentum, J P refers to the total angular momentum and parity, j q is the total angular momentum of the light degrees of freedom. The paper is organized as follows. In Sec.II, the spectrum of 2S and 1D D s and D will be examined within the Regge trajectory phenomenology. In Sec.III, twobody strong decay of these states will be explored with EHQ's method. Finally, we present our conclusions and discussions in Sec.IV.
II. MASS SPECTRUM IN REGGE TRAJECTORIES
Linearity of Regge trajectories (RTs) is an important observation in particle physics [22] . In the relativized quark model [20] , the RTs for normal mesons are linear. For Qq mesons, the approximately linear, parallel and equidistant RTs were obtained both in (J, M 2 ) and in (n r , M 2 ) planes in the framework of a QCD-motivated relativistic quark model [23] .
However, when RTs are reconstructed with the experimental data, the linearity is always approximate. For orbitally excited states, Tang and Norbury plotted many RTs of mesons and indicated that the RTs are non-linear and intersecting [24] :
where the coefficients a, b, c are fixed by the experimental data, and |a| ≪ |b| [24] . The coefficients are usually different for different RTs. For radially excited lightmesons, Anisovich et al. systematically studied the trajectories on the planes (n, M 2 ) in the mass region up to M < 2400 MeV [25] . The RTs on (n, M 2 ) plots behave as
where M 0 is the mass of the basic meson, n is the radial quantum number, and µ 2 is the slope parameter of the trajectory.
Possible 1S and 2S D and D s states are listed in Table I , , where
It is easy to notice that these candidates of 1S and 2S meet well with the trajectories on the (n, M 2 ) plot according to Eq. (2). The narrow charmed strange state D sJ (2632) + is located around the mass region of 2S D s . However, the exotic relative branching ratio Γ(
2 ) possibility. Therefore, we denotes the
As pointed in Ref. [12] , the 2P candidate D sJ (3040) + meets well with the trajectory on the (n, M 2 ) plot. The measured masses of D (2750) 0 , D * (2760) and
± seem a little lower than most theoretical predictions of the 1D states [20, 21, 23] . In Fig.1 , non-linear RTs of D and D s states consisting of 1
were reconstructed, where the polynomial fits indicate |a| ≪ |b|. In a relativistic flux tube model, a ratio b hl /b ll = 2 was obtained at the lowest order [26] , where b hl is the coefficient for the heavy-light meson and b ll is the coefficient for the light-light meson in Eq. (1). The b ll (about 0.70 ∼ 1.60) has been obtained in Ref. [24] . the fitted b hl of D and D s in Fig.1 is about 2.74 and 3.03, respectively. Obviously, the fitted ratio is consistent with the theoretical prediction. ± are possible the 1 3 D 3 states. However, as well known, the RTs can only give a preliminary analysis of the observed states, the investigation of the decay widths and the ratios of branching fractions will be more useful to shed light on the underlying properties of these states.
III. DECAY WIDTH IN EHQ'S FORMULA
The decay properties of heavy-light mesons have been studied in detail in the heavy quark effective theory (HQET). Here, a concise method proposed by Eichten et al. [1] is employed to study the decays of D and D s mesons. As well known, in the heavy quark symmetry theory, the heavy-light mesons degenerate in j P l , i.e., two orbital ground states form a spin doublet 1S(0
− , and the decay amplitude satisfies certain symmetry relations due to the heavy quark symmetry [27] .
Therefore, the decays of the two mesons in one doublet are governed by the same transition strength.
In the decay of an excited heavy-light meson H, characterized by nL(
) and a light hadron h with spin s h and orbital angular momentum l relative to H ′ , the two-body strong decay width (the EHQ's formula) is written as [1] 
is the transition strength, and p is the momentum of decay products in the rest frame of H. The coefficients C depend only upon the total angular momentum j h of the light hadron, and not separately on its spin s h and the orbital angular momentum l of the decay. The flavor factor ζ used in this paper for different decay channels can be found in Ref. [21] .
For lack of measurements of partial widths in the charmed states, the decay width of K mesons (i.e. K 1 (1270) → ρK) was used to fix the transition strength in Ref. [1] . c and b quarks are much heavier than u, d and s quarks, so the open charmed or bottomed mesons provide better place to test EHQ's formula. Systematical study of S− and P −wave heavy-light meons (D, B, D s and B s mesons) by EHQ's formula have been presented in Ref. [28] . In the reference, the EHQ's formula is also obtained by the well-known 3 P 0 model [29] . In this way, the transition strength F jq,j ′ q j h ,l (0) obtained in the 3 P 0 model includes only two parameters, the dimensionless parameter γ and the wave function inverse length scale β (0.35 ∼ 0.40 GeV) [28] .
The relevant transition strengths F jq,j ′ q j h ,l (0) used in this paper are given in Table II . Some expressions in the table are from Ref. [30, 31] , and others are obtained in the 3 P 0 model in detail in Ref. [28] . For these transition strengths, a constant
was omitted. Here the phase space normalization of Kokoski and Isgur is employed [20, 31] . In the analysis follows, the decay widths of possible 2S and 1D D and D s states are computed in terms of Eq. (3).
x. 2,2 (0) = 0.964 GeV −4 with β = 0.38 GeV −1 ,
2,2 (0)
2,2 (0) Table II could be fixed once the mock-meson masses M i effect has been taken into account. According to our computation [28] , the total decay width of D (2550) 0 Γ = 124.1 MeV. The dominating decay mode is the D * π channel with Γ(D * π) = 121.0 MeV, and the decay width of another allowed D * 0 (2400)π channel is 3.1 MeV (the mass of D * 0 (2400) is taken as 2318 MeV [2] broader (see Fig. 2 ) than the experiment (93 ± 6 ± 13 MeV). Similarly, the decay width of D * s1 (2700) ± is 230.5 MeV if it is a pure 2 3 S 1 , which deviates also from the experiment (125 ± 30 MeV).
In charmonium system, ψ(2S) and ψ(3770) are two orthogonal partners of mixtures of 2 3 S 1 and 1 3 D 1 with J P C = 1 −− [32] . This mixing scheme has also been employed to explain the decay width and the ratio of branching fractions of D * s1 (2700) ± and D * sJ (2860) ± [11] . Similarly, we denote two orthogonal partners ( 
Expt. 93 ± 19 (2) " refers to decay modes of D * (2600).
48 ± 7 Expt. 60.9 ± 8.7 Table IV ) is much larger than the observed 2 )) have masses close to each other while their mass splitting is comparable to the uncertainty of their masses, it will be difficult to distinguish these two states through the channel of Dπ and D * π. However, the state 1D(2 − ,
5
2 ) decays through the P −wave and the F −wave while the state 1D(3 − ,
2 ) can only decay through the F −wave. Therefore, the widths of decay channels Dρ and Dω of D(2750) 0 would much broader than those of D * (2760) 0 . The observation of the channels Dρ and Dω in forthcoming experiments will be useful to pin down these states.
IV. CONCLUSIONS AND DISCUSSIONS
In this work, we study the possible 2S and 1D D 
